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Abstract Purpose: As prognosis of advanced pancreatic 
cancer remains gloomy, novel therapeutic modalities 
have to be developed. Immunotherapy, which targets 
tumor-associated antigens of tumor cells or tumor 
stroma, is currently under investigation. As survivin is 
expressed by neoplastic and tumor endothelial cells, but 
rarely by normal cells, this antigen appears as an 
intriguing target molecule. Methods: A 72-year old pa- 
tient, suffering from pancreatic cancer refractory to 
gemcitabine therapy, received the survivin-based peptide 
vaccinations consisting of 100 \ig of a modified HLA-A2 
restricted survivin9&.io4 epitope in Montanide®. Each 
visit the patient was assessed for adverse events, quality 
of life and immunological response. Immunemonitoring 
was performed by IFN-y-ELISPOT analysis of periph- 
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eral blood lymphocytes. Clinical outcome was evaluated 
by repetitive computed tomography. Results: Under 
vaccination with survivin peptides the patient initially 
underwent partial remission of liver metastasis which 
proceeded after 6 months into a complete remission with 
a duration of 8 months. Immunological monitoring re- 
vealed strong vaccine-induced immune-reactivity against 
survivin. Unfortunately, after the patient was weaned 
from vaccination in state of no evidence of disease, he 
developed recurrent disease. Conclusion: T-cell responses 
against survivin-expressing cells of the tumor itself and 
tumor endothelium should impact tumor growth and 
metastasis. The presented patient with pancreatic cancer 
is the first example of a successful application of a sur- 
vivin-based vaccination in the clinical setting. An 
ongoing phase I/II trial with HLA-AI, -A2 and -B35 
restricted survivin peptides for patients with advanced 
cancer will provide further information towards this 
notion. 
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Introduction 

The treatment of pancreatic carcinoma, especially at an 
advanced stage, remains a great challenge. Despite 
improvement in clinical management, this malignancy is 
rarely curable. Standard chcmotherapeutic regimens 
with gemcitabine, 5-fluorouracil or irinotecan achieve an 
objective response rate between 0 and 30%, but rarely 
longlasting complete responses, and the overall 5 -year 
survival rate is less than 5% [9]. We present here a pa- 
tient with advanced pancreatic cancer who achieved first 
a partial response for 6 months followed by a complete 
remission which was maintained for 8 months under 
immunotherapy with HLA-A2 restricted survivin pep- 
tides together with the adjuvant Montanide. To our 
knowledge, this is the first demonstration that the 



1295 



induction of an immune response against the universal 
tumor antigen survivin is successful in fighting human 
cancer in the clinical setting. 



Case report 

A 72-year old man presented to a surgical unit with 
progressive weight loss during the last few months and 
lack of appetite. The patient had a long history of 
alcohol abuse with subsequent chronic pancreatitis 
persisting for several years with no fever and no night 
sweats. 

On physical examination the abdomen was tender 
with normal bowel sounds but moderate painful in the 
upper abdomen. General examination disclosed no fur- 
ther abnormalities. Laboratory testing showed an ele- 
vation of the cholestatic parameters, i.e., alkaline 
phosphatase to 1,107 U 1"', y-glutamine transferase to 
476 U ]~' but normal level of total bilirubin. Further 
routine laboratory testing revealed results within normal 
limits. Striking, however, was a nearly threefold eleva- 
tion of the tumor markers CEA (8.4 \ig 1"') and CA 19- 
9 (122 U r^). Computed tomography (CT) scans of the 
abdomen showed a cystic mass in projection on the head 
of the pancreas and a dilated intra- and extrahepatic 
biliary tract. This cystic tumor of the pancreas was 
subsequently confirmed by an esophagogastroduode- 
noscopy and a MRCP. As pancreatic cancer was sus- 
pected, the patient underwent a Whipple operation. 
Histopathological examination of the specimen revealed 
a low grade mucinous adenocarcinoma of the pancreas 



with total destruction of the papilla and invasion of the 
common bile duct as well as the adjacent duodenal wall 
(Fig. la). No lymph node metastases in 12 analyzed 
gastric and pancreatic nodes were detected. Due to the 
extensive and invasive growth of the tumor, only a R2- 
resection was achieved, with macroscopic tumor residues 
in the dorsal part of the excised tissue. Additional CT 
scans of the chest and the abdomen did not show any 
metastases; hence the tumor was classified as T3 NO MO 
Gl R2. 

After an uncomplicated postoperative recovery of 
2 months an adjuvant monochemotherapy with gem- 
citabine (1,000 mg m^^ of body surface) at day 1,8, 15 
was initiated. After 1 year of therapy with a total of 12 
cycles gemcitabine, CT scans of the abdomen revealed a 
newly developed 2,5x1.5 cm' large, hypodense lesion in 
segment 5 of the liver suspicious for hepatic metastasis 
(Fig. Ic). At the primary tumor site, no signs of recur- 
rent disease was detected despite the fact that initially 
only a R2-resection was possible. 

Since no established standard therapeutic regimens 
exist for this condition, the patient was offered partici- 
pation in an experimental trial. This study evaluates the 
therapeutic impact on clinical outcome of a peptide 
vaccination with HLA-Al, -A2 and -B35 restricted epi- 
topes derived from the universal tumor antigen survivin 
against solid tumors expressing survivin (Fig, lb). HLA- 
typing of the patient revealed an HLA-A2 phenotype 
and the patient was enroled upon informed consent. 

The vaccine, i.e., 100 (ig of a modified HLA-A2 re- 
stricted survivin96_[04 peptide emulgated in Montanide® 
ISA-51 (Seppic, France), was administered as a deep 



Fig. 1 a Hematoxylin-eosin 
stain, showing a diffuse 
infiltration of a mucinous 



Imoiunhistochemical stain of 
survivin-expressing cells in 
pancreatic carcinoma. Positive 
are neoplastic and endothelial 
cells, c Hdical dual-phase, 
contrast-enhanced CT-scans of 
the abdomen. Marginal 
hypodense focus in the hver 
with enhancement in the early 
portovenous contrast medium 
phase, d No remaining sign of 
liver metastasis 
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subcutaneous injection alternately into the left and right 
thigh in time intervals of 1, 3 and finally 4, 12 and 
24 weeks. Toxicity was monitored by direct questioning, 
clinical examination and blood analysis. No major side 
effects were observed and a good performance status 
was maintained for 1 year of ongoing vaccinations. The 
only side effect of the vaccine was a red, sHghtly painful 
induration at the vaccination site, e.g., a sign of local, 
immunological reaction (Fig. 2a), which corresponded 
to NCI CTC toxicity grade 1-2. This reaction was 
accompanied by a distinct, indolent lymph node swelling 
in the respective groins. No abnormal laboratory testing 
was observed. 

After four vaccinations the first tumor staging was 
performed. CT scans of the chest and the abdomen 
showed an unchanged, solitary Hver metastasis 
(2.5x1.5 cm^) without any sign of further disease pro- 
gression. Three months later, after six vaccinations, the 
hepatic metastasis had slightly regressed to a size of 
2.0x1.5 cm^ as seen in helical, dual-phase contrast-en- 
hanced CT scans of the abdomen. After a total of 
9 months of ongoing vaccinations only residual hepatic 
liver metastases, corresponding to partial remission, 
were documented. Moreover, normal values of tumor 
markers (CEA 2.4 jig and CA 19-9 4.4 U r') and 
routine laboratory testing were obtained at this time. 
Histological confirmation of the hepatic metastases, 
however, was not obtained since the risk of the necessary 
procedure outweighed the possible gain for the patient. 
The diagnosis of progressive and regressive disease was 
therefore based on clinical and laboratory findings, i.e., 
normalization of elevated tumor markers, as well as a 
thorough radiological workup which was confirmed by 
two independent radiologists. They particularly took 
into account, that solitary liver metastases of pancreatic 
carcinoma are not common but more often occur in 
multiple locations. Notably, after 14 months since vac- 



cination start, no focal intrahepatic lesions and no sign 
of local tumor recurrence could be found in sectional 
images (Fig, Id). At this time of complete remission the 
patient was weaned from immunological therapy, i.e., 
vaccination intervals were increased to finally 6 months. 
Parallel to radiological and clinical staging examina- 
tions, immunological monitoring by IFNy-ELISPOT 
analysis of peripheral blood lymphocytes was per- 
formed. Notably, the objective clinical response to vac- 
cination correlated with a significant increase in survivin 
reactive T-lymphocytes (Fig. 2b). 

The patient remained with no evidence of disease 
over a time period of 8 months of ongoing vaccinations. 
He developed, however, a reduced performance status 
due to a chronic, painful spondylodiscitis. After being 
hospitalized for a complicated pneumothorax and 
peripheral lung embolism, recurrent disease with newly 
emerged liver metastases was diagnosed on radiological 
images. Before frequent survivin peptide vaccinations 
could be reinitiated to re-boost the immunological re- 
sponses, the patient developed a pneumonia and died 
from global respiratory failure. For ethical reasons we 
renounced to obtain additional blood for inraiunological 
monitoring at the time of deterioration. 



Discussion 

Immunotherapy of cancer is currently at its crossroads 
[15]. The lack of clinical efficacy, however, may not 
necessarily be due to the inefficiency of the immune 
system itself, but to the wrong targets it has been di- 
rected to attack [7]. We recently hypothesized that 
inhibitors of apoptosis may be more suitable targets for 
immunotherapy [2]. In this respect, the potential of 
survivin had been scrutinized by us and others. Survivin 
is a structurally unique member of the inhibitor of 




Rg. 2 a Vaccination site of the right thigh. Erythematous, survivin peptide. The IFNy-ELISPOT analysis of peripheral blood 
palpable, slightiy painful indurations without local hyperthermia, lymphocytes (PBL) shows a significant increase in survivin reactive 
b Immunological monitoring during vaccination therapy with cells over the time of 6 months 
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apoptosis protein (lAP) family, which is highly upreg- 
ulated in most human cancers, e.g., pancreatic carci- 
noma [16], and correlates with an unfavorable clinical 
outcome [8], It both inhibits apoptosis and controls cell 
division [6]. It should be noted that survivin is expressed 
both by the neoplastic cells themselves and by the tumor 
endothelial cells which build up the essential vascular 
network (Fig. lb) [18]. With few exceptions, including 
activated endothelial cells in response to injury, survivin 
is undetectable in differentiated adult tissues [1]. 

Targeting survivin is a promising approach to treat 
cancer [3]. Inhibiting survivin or other members of the 
lAP-family both radiosensitizes cancer cells and facili- 
tates the cytotoxic activity of chemotherapeutic agents 
[11]. Abrogating the function of survivin does not only 
limit the proliferative potential and viability of tumor 
cells directly [2], but also inhibits tumor angiogenesis 
[10]. As survivin is preferentially expressed in tumor 
versus normal tissue, adverse effects on normal, differ- 
entiated cells are unlikely [12], Indeed, the presented 
patient did not develop any adverse events related to 
immunotherapy other than a local reaction at the vac- 
cination site, despite induction of impressive immtxne 
reactivity against the survivin peptide as measured by 
IFNy-ELISPOT. 

Over the past few years it has become obvious that 
cancer immunotherapies designed for direct attacks on 
tumor cells have their limitation due to the heterogeneity 
and instability of the transformed cells as well as the 
complex, modulating interaction between neoplastic and 
stromal cells. Since the pioneering work of Folkman [5] 
in 1971, the essential role of angiogenesis for tumor 
growth and distant spread has become a central focus of 
basic and translational cancer research. To this end, we 
recently demonstrated in a murine model that targeting 
survivin by an immunological approach leads to eradi- 
cation of pulmonary metastases by a combinational ef- 
fect of inducing tumor cell apoptosis and suppressing 
tumor angiogenesis [19]. The synergistic effects of tar- 
geting both neoplastic and endothelial cells may explain 
the remission of hepatic metastasis of pancreatic carci- 
noma after vaccination with a HLA-A2 restricted sur- 
vivin peptide. Liver metastases of pancreatic carcinoma 
are often highly vascularized and vascular density cor- 
relates with prognosis [17], Several clinical trials have 
uncovered the impact of antiangiogenic strategies on 
growth control of pancreatic cancer, with a significantly 
stronger effect if combined with chemo- or radiotherapy. 

The strong immunological response against survivin 
peptides at the time of tumor response underscores, that 
the observed tumor regression was indeed by vaccina- 
tion [14]. In this respect, we have recently demonstrated 
that in sanguis and in situ analysis of vaccine-induced 
immune responses may be correlated to a larger extent 
than initially anticipated [4]. Moreover, the effect of 
cessation of therapy, albeit unfortunate, underscores the 
effect of the vaccination. When vaccination was weaned 
in a state of no evidence of disease, disease recurred with 
newly developed liver metastasis and the patient deteri- 



orated rapidly. This relapse may be attributed to a 
diminished reactivity of CD8+ lymphocytes against 
survivin due to vaccination weaning [14]. However, due 
to the rapid deterioration of the patient's condition at 
time of tumor relapse we did not obtain material for 
further inmiunological monitoring because of ethical 
reasons. Thus, other immune-escape mechanisms, such 
as loss of survivin or MHC class I expression, have to be 
taken into account as well [13]. 

This case report of a complete remission of metasta- 
sized pancreatic carcinoma may very well be regarded as 
an anecdotal spontaneous response. However, even "if 
one swallow does not make a summer", the clinical re- 
sponse together with the vaccination-induced immuno- 
logical response suggests that targeting cells which 
support tumor growth in combination with a direct at- 
tack of neoplastic cells is a promising approach to treat 
solid tumors and worth further testing. Indeed, an 
ongoing clinical trial using a survivin vaccine as a second 
line therapy will provide additional information (http:// 
www.clinicaltrials.gov). 



Materials and methods 

Vaccine 

The vaccine consists of 100 |ig of a modified HLA-A2 
survivin96_io4 epitope (LMLGEFLKL) in Montanide® 
ISA-51. The patient received the vaccination as a deep 
subcutaneous injection every month. 



Immuneraonitoring 

IFN-y-ELISPOT analysis of peripheral blood lympho- 
cytes, obtained at different time points during ongoing 
vaccination, was performed according to standard pro- 
cedures as described elsewhere [1 2]. 
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